Infection with Helicobacter pylori is one of the most common bacterial infections in humans worldwide, and like the case for many other infections, rates are higher in developing countries (80 to 90%) than in developed countries (Ͻ50%) (20, 33, 39) . The infection is associated with peptic ulcers, gastric carcinoma, and mucosa-associated lymphoma (32, 36, 39) . Most infected people remain asymptomatic during their lifetime, and only about 15% develop gastroduodenal illness. Environmental, host, and bacterial factors all play a role in the outcome of the infection. A number of bacterial virulence factors associated with disease have been described for H. pylori, and the most consistently reported are the cag pathogenicity island (cag PAI) (4, 40, 52) and vacA (2, 43) . Outer membrane proteins such as BabA2 (18) , OipA (54) , and SabB (11) , as well as the iceA gene, have also been reported to be associated with disease. An outstanding characteristic of H. pylori is the high level of genetic diversity among isolates from different patients, even if they belong to the same ethnic population. Several molecular typing techniques have been used to genotype H. pylori strains from different populations, demonstrating genetic differences among populations and even among isolates from the same individual, suggesting the presence of mixed infection (3, 9, 19, 26, 35, 46) . The ability of this bacterium to generate such genetic diversity is due to its natural competence, high recombination and mutation rates, or the occurrence of slipped-strand synthesis and phase variation (17, 24) .
H. pylori was the first bacterial species for which whole genome sequences of two independent strains were available (J99 and 26695). Their comparison showed that approximately 6 to 7% of the H. pylori genes present in one strain are absent in the other. These genes are called strain-specific genes, and almost half of them are located in hypervariable regions of the genome (1, 51) . These regions contain a considerable number of restriction-modification genes and genes for transposases, topoisomerases, and outer membrane proteins. One of these regions is the cag PAI, whereas the others have been termed plasticity zones (PZs). Whole-genome DNA microarrays facilitated further analyses of the genomic contents of 15 H. pylori clinical isolates, revealing 362 genes (22% of all genes) that are not conserved among strains and represent variable or strainspecific genes (45) . Similar microarray-based comparative genomic hybridization (aCGH) studies have been used to explore the genetic diversity in the H. pylori strain population colonizing the different regions of the stomach of a single host for both adults and children (46) and to correlate the genetic contents of H. pylori strains with pathogenesis in animal models (6, 25) . These studies indicate that H. pylori strains gain or lose loci during chronic infection, suggesting a continuous genetic flux, mainly inside the PZs (14, 22, 26, 27, 28) . The sequence of an H. pylori strain isolated from a patient with chronic atrophic gastritis was recently published, identifying additional strain-specific genes (38) and, by comparison with previous studies (22) , suggesting that 121 genes are "chronic atrophic gastritis associated."
Other studies have reported that genes located in the PZs, such as jhp0947 and jhp0949, are associated with disease (12, 37, 47) . The dupA gene was associated with an increased risk for duodenal ulcer (DU) and a low risk for gastric atrophy and cancer (31) . The aim of the present study was to compare the genomic contents of H. pylori strains isolated from patients with nonatrophic gastritis (NAG), DU, or gastric cancer (GC) in a Mexican-Mestizo population in order to look for genes previously associated with severe gastroduodenal diseases and to identify novel disease biomarkers.
MATERIALS AND METHODS
Patients. Twenty-nine adult patients were selected for this study, including 10 with NAG, 10 with DU, and 9 with GC, all of whom were positive for H. pylori culture (see below). The nine GC patients presented with cancer in a noncardia location; six had diffuse and three had intestinal carcinoma types. These patients attended the Oncology Hospital of the Instituto Mexicano del Seguro Social (IMSS) and the General Hospital of the Secretaria de Salud (SS), Mexico City, Mexico; they were of medium to low socioeconomic class and a Mestizo-Mexican population. Diagnosis was based on endoscopy and histological findings. Sixty additional patients, 20 with GC, 20 with DU, and 20 with NAG, were used to validate some of the microarray results with PCR tests. These patients attended the Oncology Hospital and the Gabriel Mancera General Hospital at IMSS. Patients were informed about the nature of the study and asked to sign an informed-consent form. The study was approved by the corresponding ethical committees of the IMSS and SS.
H. pylori isolation. All patients were subjected to endoscopy, and one biopsy specimen each from the antrum and corpus was taken for H. pylori culture. Biopsy specimens were homogenized and inoculated on horse blood agar plates under microaerobic conditions at 37°C. Colonies with characteristic morphology were confirmed by urease, catalase, and oxidase tests. From the primary growth from each biopsy site (antrum and corpus), four or five single colonies were isolated and propagated; each single isolate was suspended in saline solution for DNA isolation. DNAs were isolated using a Wizard genomic DNA purification kit (Promega Corporation) according to the manufacturer's instructions and were stored at Ϫ70°C until used. DNAs from H. pylori strains J99 and 26695 were prepared for use as competing DNAs in the microarrays.
Microarray experiments. The microarray used represents a superset of genes present in H. pylori strains 26695 and J99, based on their whole genome sequences (45) . The elements of our microarray consisted of large (mean size, 817 bp; 10th percentile, 130 bp; 90th percentile, 1,967 bp) DNA fragments corresponding to unique segments of individual open reading frames, generated by PCR using gene-specific primers. For the test, 0.5 g each of 26695 and J99 genomic DNAs was suspended in 39 l of H 2 O and denatured for 5 min at 99°C. Five microliters of 10ϫ buffer (400 g/ml random octamers, 0.5 M Tris-HCl, 100 mM MgSO 4 , and 10 mM dithiothreitol), 5 l deoxynucleoside triphosphatedUTP mix (0.5 mM concentration of dGTP, dATP, and dCTP, 0.2 mM aminoallyl dUTP, and 0.3 mM dTTP), and 1 l Klenow fragment were added, and the reaction mix was incubated overnight at 37°C. Free amines were removed, and the probe (mixed J99 and 26695) was labeled with Cy3 dye (Amersham); the reaction mix was incubated for 1 h at room temperature in the dark. One microgram of genomic DNA from each test strain was labeled with Cy5 dye (Amersham Pharmacia), following the same procedures as those described above. Labeled probe and test DNAs were combined, unincorporated dye was removed, and 1 l of 10-mg/ml yeast tRNA, 1.5 l of 20ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate), and 1.5 l of 1% sodium dodecyl sulfate (SDS) were added. The mixture was denatured for 2 min at 99°C, applied to the microarray slide, and incubated overnight. The microarray slide was washed with 2ϫ SSC and 0.1% SDS to remove the coverslip and then with 1ϫ SSC for 5 min, three times. The microarray was scanned using an Axon scanner with GENEPIX 3.0 software (Axon Instruments, Redwood City, CA), and data were normalized and processed as previously described (45) . The mean of the normalized red/ green (R/G) ratio was calculated using data from two arrays per isolate, yielding four readings for each gene. The cutoff for absence of a gene was defined as a log 2 R/G ratio of ϽϪ1.0, based on test hybridizations using the sequenced strain J99 against the 26695-J99 mixed reference. The false-positive and false-negative rates were determined to be 3.5% and 0.34%, respectively (45) . Our microarray data are available at http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?accϭGSE12932.
Validation of genes associated with disease by PCR. The results for some variable genes found to be associated with disease by microarray analysis were confirmed using gene-specific PCR to validate the hybridization results. We selected 13 such genes (HP0025, HP0424, JHP0630, HP0713, HP0790, JHP0925, JHP0927, JHP0951, HP1426, HP1472, HP1499, HP0674, and JHP0940), and isolates from 10 patients of each disease group, i.e., the NAG, DU, and GC groups, were tested. To further validate the observation that the JHP0940 and HP0674 genes were absent in isolates from GC cases (see below), we tested these two genes by PCR for an additional group of patients; isolates from 20 patients each with NAG, DU, and distal GC were tested. Primers and conditions for each PCR were as previously described for the construction of these microarrays (45) . Amplification of each gene was carried out in a total volume of 25 l containing 1 l of DNA template for each clinical isolate (reference strains J99 and 26695 were used as controls), 1ϫ PCR buffer, 1.5 mM MgCl 2 , a 0.2 mM concentration of each deoxynucleoside triphosphate (Boehringer Mannheim, Germany), 2 U of Taq DNA polymerase (Invitrogen, Life Technologies, Brazil), and 30 mM each primer. Each reaction mixture was amplified for 35 cycles as follows: 30 s at 92°C, 45 s of annealing (the range of annealing temperatures was 50 to 58°C, depending on the gene), and 2.5 min at 72°C. After the last cycle, extension was continued for another 5 min. Amplicons were analyzed on a 1% agarose gel stained with ethidium bromide.
Statistical analysis. Analysis of clustering based on the variable gene content among all isolates from the different disease groups was done using Jaccard distances with the unweighted-pair group method using average linkages. For all analyses of association between the content of variable genes and disease, analysis was performed on a per-patient basis; i.e., when a gene was found in any of the isolates from that patient, the gene was considered present. To compare the frequencies of variable genes between each disease group, we used a logit model, considering disease an independent variable; P values of Ͻ0.05 were considered significant. To learn if there was any difference in the contents of genes inside the PZs among the disease groups, the Pearson correlation coefficient was used, with an r value of 1.00 meaning that the frequencies of the gene were similar between the disease groups and r values of Ͻ0.05 indicating significant differences in PZ genetic content among the disease groups. To analyze associations between the presence or absence of specific genes and disease, we used a log-linear model. Logit was used as a link function with the maximum likelihood method to estimate coefficients. The association of genes with disease was probed using the 2 test, comparing one disease group (i.e., NAG) with the other two groups (i.e., DU and GC). Considering the exploratory nature of the study, we considered a gene significantly associated with disease when the P value was Ͻ0.1. Any possible correlation between the frequency of variable genes and age or gender was analyzed with a generalized linear model. A binomial distribution was assumed, using logit as a link function. To analyze the correlation between results of microarray hybridization and PCR tests, we used Kendall's coefficient of tau and Stuart's coefficient. We also tested if the prevalence of the JHP0940 and HP0674 genes in each disease group did not vary when tested with either microarray or PCR by using Fisher's exact test. All statistical analyses were performed using S-Plus 7.0 (Insightful Corp.).
RESULTS

Number of H. pylori isolates tested in microarrays.
Four or five single colonies of H. pylori were isolated from the antrum and corpus of each patient. Based on the finding of unique polymorphic DNA profiles obtained by random amplification of polymorphic DNA (RAPD) among isolates from the same patient, 10 of the 29 patients had mixed infections with multiple strain types, including four with NAG, five with DU, and one with GC. A representative isolate of each RAPD type Genomotyping of H. pylori isolates from patients with gastroduodenal diseases. The figure is a representation of the entire H. pylori chromosome, which was ordered by combining the maps of strains 26695 and J99 in ascending order, where J99-specific genes are placed at the appropriate sites in the 26695 chromosomal map, starting with HP0001, in each row (top left) and the columns represent the 42 isolates analyzed from three groups of disease. The scanogram indicates genes that are present (blue) or absent (yellow), as well as missing data (gray). Genes associated with disease, i.e., NAG (purple), GC (green), and DU (red), are shown, and genes absent in GC isolates are indicated (*). The locations of PZ1, cag PAI, and PZ2, as well as the small cluster A and a disease-associated gene cluster outside the PZs (cluster B), are indicated. found in each patient was analyzed by aCGH, giving a total of 42 different isolates ( Table 1) .
The content of variable genes varies among H. pylori isolates from each disease group. To explore the genomic content in the 42 isolates of H. pylori from patients with NAG, DU, and GC, we used aCGH. Of the 1,660 genes analyzed, 1,319 were present in all 42 isolates (genome core), whereas 341 (20.5%) were absent in one or more isolates and were considered variable genes (see Tables S1 and S2 in the supplemental material). The number of variable genes present in isolates per patient for each disease group is shown in Table 1 . The range of variable genes present in isolates from patients with NAG varied from 21 to 187 genes, that for patients with DU ranged from 1 to 181, and that for patients with GC ranged from 27 to 137 genes. The overall number of variable genes present in isolates from each disease group was 291 (85.33%) for isolates from patients with NAG, 257 (75.36%) for patients with DU, and 230 (67.44%) for patients with cancer. The total number of variable genes present in the group of cancer strains was statistically lower than those for the NAG and DU strains (P Ͻ 0.01). These variable genes were classified according to their functional category, as shown in Table 2 , and included genes involved in DNA metabolism, genes involved in cellular processes (including pathogenesis), transposase genes, and hypothetical genes. Of the 341 variable genes found in our studied H. pylori population, 127 (37%) were distributed within PZs, with 100 genes within the PZs and 27 genes within the cag PAI. Although most of the remaining 214 genes were scattered along the genome individually, we observed clusters of genes (clusters A and B), which are also depicted in Fig. 1 . We analyzed if there were any differences in the genetic content of each PZ as well as in the clusters among H. pylori isolates from the different disease groups (Fig. 2) . The cag PAI and PZ2 showed significantly different patterns of variable genes in GC isolates compared with both NAG and DU isolates, whereas PZ1 showed a different pattern for GC isolates only compared with NAG isolates (P Ͻ 0.05). The presence of a complete cag PAI was significantly more frequent for isolates from patients with GC (Fig. 2) than for isolates from NAG and ulcer patients (P Ͻ 0.05). The cag2 gene was absent in four NAG isolates, three DU isolates, and one GC isolate; this gene has been reported as nonessential for functional activity (15) . Clusters A and B showed no significant differences in pattern of variable genes in a comparison of NAG and GC isolates (P Ͼ 0.05).
Thirty variable genes are significantly associated with disease. Hierarchical clustering based on the content of the variable genes showed no clustering of isolates by disease group (data not shown). Next, we examined the frequency of each of the 341 variable genes among patients from each disease group. We observed genes that were present in all isolates from a disease group (100% frequency) but present at lower frequencies in the other two disease groups (Table 3) , including 11 in NAG, 17 in DU, and 41 in GC patient isolates. Additionally, 30 variable genes were significantly associated with one of the disease groups by being either significantly more or less frequently present in the genome. Seventeen of these genes were present at lower frequencies among isolates of one of the disease groups ( Table 4 ). The chromosomal distribution of these genes revealed that 12 (73%) were located outside the PZs, 2 fell in PZ1, and 3 were located in PZ2. These 17 genes were distributed among the disease groups as follows: 4 were significantly less frequent in NAG isolates, 3 were significantly less frequent in DU isolates, and 10 were significantly less frequent in GC patient isolates. Two genes (HP0674 and JHP0940) were absent in all GC isolates (Table  4) . Thirteen genes were significantly more frequent among isolates of one of the disease groups (Table 5) , and nine of these (69%) were located inside PZs. The genes found more frequently in certain disease groups were distributed as follows: two genes in NAG isolates, four genes in DU isolates, and seven genes in GC patient isolates. Three of the genes found more frequently in GC patient isolates mapped to the cag PAI (cag7, cag10, and cag23). The distribution of the 30 genes associated with disease in the H. pylori genome is schematized in Fig. 1 . Some of the genes associated with disease and located outside the PZs form a cluster (cluster B) (Fig. 1) .
We also searched for any correlation between age or sex and the frequency of variable genes and found that there was a significant correlation between a smaller number of variable genes present in a given strain and increasing age (P ϭ 0.05) (data not shown).
Variable genes in H. pylori isolates from this study which differ from variable genes in isolates from other studies. We compared the variable genes from this study with the variable genes reported in previous works, regardless of geographic, ethnic, or disease components (Table 6 ). This comparison showed that the frequencies of variable genes in different populations range from 20 to 25% of the whole genome. We identified a number of genes reported as variable in previous studies which were not found as such in the isolates in our study, and conversely, there were genes identified as variable among isolates in this study which have not been reported as such in previous works. These genes were located mainly outside the PZs (see Table S2 in the supplemental material). However, it is noteworthy that among the 30 genes found to be associated with disease, 28, including the three genes of the cag PAI, have also been reported as variable in other studies. Only the HP0790 and HP1405 genes have not been reported as variable previously (Tables 4 and 5 ). In addition, the results of this study were analyzed together with results from a previous work that also analyzed Mexican patients (46) in comparison to reports for other populations (22, 45) . We identified a number of genes found as variable exclusively in Mexican populations, with most of them (90%) located outside the PZs (Table  7) . Interestingly, babB (HP0896) was one such gene.
The results of microarrays were validated with PCR. To validate the microarray results, we used PCR to test 13 of the 30 disease-associated genes which had P values of Ͻ0.05. Overall, a significant correlation of 0.6278 was observed between microarray and PCR results (Kendall's tau; P Ͻ 0.0001). The relatively low value was mostly because of the number of genes present by microarray but absent by PCR, and this lack of correlation occurred mainly in four genes (HP0424, JHP0630, JHP0927, and HP1472), regardless of the disease group of the isolate. One possible explanation for this is that sequence variation in these genes occurs in the primer binding region, rendering them negative by PCR but not negative by hybridization. The absence of the HP0674 and JHP0940 genes in all GC isolates observed by aCGH was confirmed by PCR for all isolates, showing 100% concordance between the two tests. The prevalence of these genes in isolates from 60 additional patients was tested by PCR (see Table S3 in the supplemental material). Whereas HP0674 and JHP0940 were not detected in the 20 cases of GC tested, they were found in some of the 20 gastritis and 20 DU cases, and the prevalences of these two genes in each disease group were not different by either microarray or PCR test (P Ͼ 0.05; Fisher's exact test). These data support the association of the loss of these genes in isolates from GC patients.
DISCUSSION
The main goal of our study was to compare the genetic contents of H. pylori strains isolated from patients with NAG, DU, and GC, with special emphasis on genes located in PZs. Characteristics of variable genes found in the studied isolates. In the 42 isolates studied, we found 341 variable genes, which coded mainly for DNA metabolism components, cellular processes, transposases, and hypothetical proteins, findings similar to those of previous reports (22, 45, 46) . Comparison between disease groups revealed that the overall number of variable genes present in a given strain was significantly lower in isolates from GC patients. Patient age was additionally associated with a decrease in the number of variable genes retained in the genome. As in the case of cancer patients, with age the gastric mucosa becomes increasingly atrophic, perhaps offering an environment that is less favorable for H. pylori growth and for genetic variation. Since GC patients were also the oldest group, another possibility is that with time, H. pylori strains become more adapted to the host mucosa and the presence of some genes is no longer necessary.
Characteristics of genes seen significantly less frequently in NAG, DU, and GC disease groups. We next examined the frequency of each variable gene in H. pylori isolates from the three disease groups. Of the 341 variable genes present in our population, 30 were found to be significantly associated with a disease group. Notably, most of the genes statistically less frequently present among disease groups were located outside the PZs, whereas the genes statistically more frequently present were located inside the PZs. Among the eight genes which were less frequent in GC isolates, genes HP0425 and HP1410, both of unknown function, have homology with a RecJ exonuclease gene of Escherichia coli (38) . HP0425 is transcriptionally activated in ArsS-deficient H. pylori mutants (42) . The ArsRS two-component system confers urease-independent acid adaptation. The HP1409 and HP1410 genes, of unknown function, were also less frequent in cancer isolates and have been shown to be regulated by separate two-component systems (13) . Thus, the above three genes may be involved in adaptive responses to acid, which during chronic atrophic gastritis may no longer be needed due to destruction of the acid-secreting compartment. Another gene that was less frequent in cancer isolates was HP0790, which encodes an anticodon nuclease. Interestingly, this gene was present in all DU isolates. HP0790 has been reported as associated with a strong inflammatory response (7) . As in the case of the response to acid, after years of inducing inflammation, H. pylori leads to an atrophic mucosa and may no longer need proinflammatory genes. HP1426, of unknown function, was also found less frequently among cancer isolates, and in a previous study this gene was reported less frequently for cag PAI-positive isolates (45) . In accordance with this observation, most of our cancer isolates were cag PAI positive and frequently lacked HP1426. Interestingly, there were two genes which were absent in all isolates from GC cases, namely, JHP0940 and HP0674, both of unknown function. In contrast to our results, a previous study reported JHP0940 as associated with GC (37). However, in a follow-up The P value was obtained with the 2 test, comparing one disease group (i.e., NAG) with the other two groups (i.e., DU and GC).
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on February 21, 2013 by PENN STATE UNIV http://iai.asm.org/ report, the authors did not confirm the association (47) . The results of an in vivo expression study showed that the JHP0940 gene is strongly expressed in response to the interaction of H. pylori with the gerbil gastric mucosa (21), and a recent study suggested that this gene induces tumor necrosis factor alpha and interleukin-8 secretion as well as enhanced translocation of NF-B (44). Thus, JHP0940 might be a proinflammatory gene important during the early phases of the infection, responding to contact with the gastric mucosa and eliciting the release of inflammatory mediators. During chronic infection, this gene may be downregulated or lost when the mucosa is altered by the long-lasting inflammation-induced tissue damage. The HP0025 gene, which encodes an outer membrane protein (Omp2), was identified among the genes that were present less frequently in DU isolates. In accordance with our results, a recent report found that the protein was less frequently expressed in isolates from DU cases (10) . In contrast, it is noteworthy that this gene was present in 100% of the GC isolates. HP0025 is considered part of the group of acidresponsive genes (8, 53) , and it is thought to help H. pylori colonize the gastric mucosa. Among the genes less present in H. pylori isolates from gastritis patients in our study, HP0053, of unknown function, was found to be absent in cag PAInegative strains (50) . Consistent with this observation, in our study most isolates from patients with NAG had an incomplete cag PAI. Another gene that was less frequently present in gastritis isolates was HP1404, which encodes a type I restriction enzyme S protein. This gene was found in 100% of the DU isolates. It has been reported that HP1404 induces an inflammatory response in a mouse model (7) . It is conceivable that after a chronic inflammatory response, this gene has to be silenced to allow the persistence of the infection.
Characteristics of genes found significantly more frequently in NAG, DU, and GC disease groups. Seven genes were found significantly more frequently in GC isolates. Three of them are part of the cag PAI (cag7, cag10, and cag23) and have been reported as essential for translocation of CagA and induction of interleukin-8 in gastric epithelial cells (15) . These results suggest that cag PAI integrity is significantly more conserved in GC isolates. Three genes of unknown function were also located in PZs, namely, JHP0927 (PZ2), JHP0960, and JHP0961 (both in PZ1). JHP0927 was also recently reported as more frequently present in isolates from GC patients in Costa Rica (37) . JHP0960 and JHP0961 have shown homology with two genes from plasmids of Campylobacter species, with unknown roles (cpp24 and cpp25, respectively) (5). Thus, six of the seven genes found more frequently in isolates from patients with GC are located inside the PZs.
Among the four genes which were more frequent in DU isolates, two were inside PZ2 (JHP0950, of unknown function, and JHP0951, which encodes an integrase of the XerCD family) and two were outside the PZs (HP1381 and HP1405, both of unknown function). The JHP0951 gene is highly expressed upon mutation of the ferric uptake regulator (Fur) (16) . Fur is an essential component for adaptation to low pH and iron limitation. Thus, JHP0951 might have an important role in the response to acidic environments. HP1405 shows increased expression in strains with mutations in histidine kinases HP0165 and HP1364, which function as acid sensors. These kinases are parts of two-component signal transduction systems required for acid resistance in H. pylori (30) . HP1405 is also upregulated during growth of H. pylori under acidic conditions (8) . Thus, two of the genes more frequently present in isolates from patients with DU are involved in the response to acid. This observation is in agreement with the fact that in DU, secretion of acid is increased and the mucosa is continuously exposed to a low pH. Interestingly, JHP0950 has been suggested as a marker for H. pylori strains from patients with gastric extranodal marginal-zone-B-cell lymphoma of the MALT type (29). Other genes in PZ2 and previously reported as associated with DU, i.e., JHP0947 and JHP0949 (12) , are in the vicinity of two genes, JHP0950 and JHP0951, found by us to be associated with DU. In fact, it was recently suggested that JHP0950 may form part of an operon that includes the JHP0949 gene (37, 55) .
Comparison of microarray results of this study with previous reports.
A recent study analyzed the gene contents of H. pylori isolates from patients with gastroduodenal diseases in a Chinese population (23) . This study found the HP0447 gene to be absent in all DU and GC isolates, whereas in our study this gene was present in about 50% of all disease groups studied. This group also reported the JHP0918 gene as absent in GC isolates, whereas we found it in over 50% of the Mexican GC isolates. These discrepancies may be due to population differences in selective pressures of the host environment, which vary among different geographical regions, that influence whether a gene is maintained or lost. It is also possible that technical differences account for the discrepancies observed.
The number of genes found in the PZs in the Mexican isolates of this study, their locations in the genome map, and the proportion that they represent among all variable genes (around 35%) were very similar to those in previous studies (22, 45, 46) . In addition, in our H. pylori isolates a number of variable genes clustered outside PZs (clusters A and B), as seen for other strains (34) , and may represent novel PZs. The PZs might represent not only hot spots for variable genes but also regions where clusters of genes associated with disease are found. In our study, we found that the cag PAI and PZ2 were significantly different in isolates from patients with GC compared with those in isolates from cases of both NAG and DU. The cag2 gene was absent in four isolates from NAG patients, three from DU patients, and only one from a GC patient, which suggests that this gene is frequently absent in Mexican isolates. This gene has been reported as nonessential for function of the cag PAI (15) . Of note, "cluster B" in our study also contained several of the genes which we found to be associated with GC.
Variable genes found in isolates of our study were compared with variable genes reported in previous studies (22, 45, 46) , and three sets of genes were found, including genes shared between studies, genes reported as variable in previous studies but not in our isolates, and genes found as variable in our isolates but not reported as such in previous works. Most of the genes included in the last two groups were located outside the PZs. This observation suggests that whereas PZ genes are more similar among isolates from different world populations, the variable genes which differ among populations are usually genes individually scattered along the genome. The comparison among variable genes found in this study and those reported in other populations showed differences in the range of 20 to 25%. Although some of these variations may be due to genetic differences in isolates from different populations, they might also be related to differences in the numbers of isolates tested in each study as well as to the design of the microarray (i.e., the characteristics of the probes). One gene found as variable in Mexican isolates but not in other populations was babB. This finding is of interest because this gene is a paralog of babA, which codes for an adhesin reported to be a major virulence factor (18) .
Concluding remarks. In conclusion, our study allowed the identification of novel H. pylori genes associated with NAG, DU, and GC in a Mexican-Mestizo population. Many of these disease-associated genes were found within PZs or within clusters, and several coded for regulation of responses to acid or a microenvironment. These genes are candidates for future studies of the pathogenesis of GC and DU and might be useful as biomarkers of risk for GC or DU. We also identified genes which were specifically variable in our population but not in others, as well as genes reported as variable in other populations but not found as such in our isolates.
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